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Abstract 
An u-fold antipodal cover of a distance-regular graph of valency k always satisfies r< k 
(Gardiner, 1974). We show that there is no distance-transitive 56fold antipodal cover of K,,, 
thereby completing the classification of distance-transitive antipodal covering graphs with r = k. 
Liebler [9] recently completed the last major step in classifying all extremal, 
distance-transitive antipodal covering graphs. We give a brief survey of the problem 
and resolve the one minor outstanding case. 
An r-fold antipodal covering r of a distance regular graph r of valency k (see [S] or 
[2, Section 4.21) always satisfies r<k [S, Corollary 4.41. By [S, Proposition 4.61 the 
case r= k occurs if and only if 
(i) k=2, r=C,, r=C2,,, 
(ii) (a) k=6, r=K7, r=(6.K,),, or(b) k=56, r=K,,,r=(56.K57)1, 
(iii) k the order of some finite projective plane r= Kk+, r = k . K,,,, 
(iv) k=3, r=Tutte’s 8-cage. 
Case (iii) shows that one is unlikely to obtain a more precise statement in the near 
future. However, one would like to show which of these graphs is distance-transitive, 
and this is the problem we wish to resolve. 
The graph r of diameter d with vertex set V/is disrance-transitive if Aut r has exactly 
d + 1 orbits on Vx I’. Case (i) above is clearly distance-transitive and unique, as is case 
(ii)(a) (see [7, 81 or [2, 391-394]), and case (iv) (see. for example, [2, p. 3981). This 
leaves case (ii)(b) and case (iii). 
In [6] we conjectured that a k-fold antipodal covering of Kk,k was distance- 
transitive if and only if the associated projective plane was desarguesian. This was 
disproved in [4] where it was shown that planes coordinated by Albert’s ‘twisted 
fields’ [l] provided an infinite class of counterexamples. Finally Liebler showed 
recently [9] that these are the only exceptions. This focusses attention on the question 
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of whether a X-fold cover of KS7 can be distance-transitive. We resolve this and so 
complete the following classification. 
Theorem. The k-fold antipodal distance-transitive graphs of valency k are precisely 
(i) the even length circuit Can with k=2, (ii) the 3-fold covering of Tutte’s S-cage with 
k = 3, (iii) the 6-fold covering of KY, with k = 4 which occurs as the graph induced on each 
second neighborhood in the Norman-Singleton graph, and (iv) the k-fold covering af 
K,,, ~~~~i~h is the incidence graph of points and lines when one parallel class is removed 
from an afine plane of order k coordinatized by a field or an Albert twisted field. 
Proof. Suppose r is a 56fold antipodal covering of Ks7. Then r has intersection 
array (57,56, 1; 1, 1,571 by [S]. Let G=Aut I- is distance-transitive. For each vertex 
ul, the stabilizer G(q) acts transitively on r3(u1), that is the 56-1 vertices at distance 
3 from ut. Moreover G(q) acts transitively on the 56 neighbours of ul: if rjl is one 
such, then G(z~~~~)=G(u~)~G(u~) has index 56 in G(Q), so G(uIvl) also acts transi- 
tively on r3(u1). Let r3(u1)=(uz, z+, . . . . us6). Then t‘r is at distance 2 from each 
ui(i>2), SO we have exactly 55 paths of length 2(29, Xi, ui), 29id56. SO G(u, ~1) acts 
transitively on r(~,)nr,(u,)={x,, x3. . . , ~~~1. Now vi lies in its own antipodal 
block {~1}uT3(t!1) and has exactly one neighbor in each of the other 56 antipodal 
blocks; one of these neighbours is ul. Hence G(uIvI) fixes two antipodal blocks and 
acts transitively on the remaining 55 antipodal blocks. Thus G is 3-transitive of degree 
57. Hence G > A,, [3] (since the only other simple group that can arise as the socle of 
a 2-transitive group of degree 57 is PSL (3,7)). But then G(u,)= As6 or Ss6 must act 
transitively and naturally on the 56 vertices of T(uI) and at the same time transitively 
on the 55 vertices of r3(ul), which is impossible. Hence a 56-fold antipodal covering of 
KS7 cannot be distance-transitive. 0 
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